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occupancy proportion is the sum of these Bernoulli trials divided by the sample size. The bias
adjustment estimates this occupancy proportion for the estimated number of units on which
a pair of owls was present but not detected. The bias adjustment requires the recording of the
number of the visit during which occupancy was first detected. The distributional assump-
tions are checked with five different sets of data.
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INTRODUCTION

The spotted owl (Srix occidentalis) in Washington,
Oregon, and Cadlifornia is represented by two subspe
cies: the northern spotted owl (S. 0. caurina), which occupies
Washington, Oregon, and the Klamath physiographic province
in California, and the Cdlifornia spotted owl (S. o. occidentalis),
which occupies the Sierra Nevada physiographic province and
areas of Southern California as well. Both subspecies are
believed to occur most frequently in large areas of mature or old-
growth coniferous forests. Most suitable spotted owl habitat in
California, Oregon, and Washington is found on Federal lands
with 67 percent of the habitat located on National Forests
(USDA 1988a). There is concern that loss and fragmentation of
suitable spotted owl habitat because of timber harvest activities
threaten the continued existence of the species. The Forest
Service must respond to this potential threat because the Forest
Service is mandated by the National Forest Management Act
(1976) to maintain viable populations of all vertebrate species on
National Forest lands. The requirement to "Manage fish and
wildlife habitats to maintain viable populations of native and
desired nonnative vertebrates' (National Forest Management
Act 1976, 36 CFR 219.19) trandates into the management goal
of maintaining the population number and distribution needed to
ensure continued existence of the species.

Population viability requires an adequate amount and distri-
bution of suitable habitat for pairs of owls to ensure a specified
level of population persistence over some period of time. Suit-
able habitat must be distributed so as to provide for the levels of
genetic and demographic interchange needed to assure adequate
numbers to minimize the risk of extinction. Suitable spotted owl
habitat on National Forest lands in California, Oregon, and
Washington is found on lands both reserved from timber harvest
and open to harvest (nonreserved). To meet the distributional
requirements of the species, it is necessary to protect, in
nonreserved lands, areas of suitable habitat that provide for both
the needs of reproductive pairs and a link between the suitable
owl habitat found in reserved lands. Each of the designated
"idands' of suitable owl habitat is referred to as a Spotted Owl
Habitat Area (SOHA). Together with SOHA units on reserved
lands, these units form the SOHA network. By addressing issues
of distribution and number of owls, the Forest Service has
proposed the SOHA network as its solution to maintaining the
viahility of spotted owls. The network sets distances among
SOHASs s0 as to provide the owls a high likelihood of successful
dispersion between SOHAS.

An important assumption of the management plan for the
spotted owl is that the proportion of network SOHAS occupied
by pairs of owls will remain constant over time. Another
assumption is that owl populations outside the network in
nonreserved lands will decline because of habitat loss, but owl
populations will continue to provide future aternatives for
extending the network if the occupancy rate within the network
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declines. The Forest Service has begun a monitoring program to
check the validity of these assumptions.

It is not feasible to census al owls on Forest Service lands, so
a subset of the network SOHAs and a number of randomly
sampled areas (RSAs) are monitored to estimate their occu-
pancy by owls. RSAs are 1000-acre polygons located at random
within National Forest lands conditioned on the polygon area
having at least 25 percent canopy cover by trees. The size of
SOHAs varies geographically to reflect variation in spotted owl
home range sizes. SOHA sizes range from 1000 acres in the
Klamath and Sierra Nevada Provinces to 3000 acres on the
Olympic Peninsula. The basic assumption underlying monitor-
ing is that occupancy rates of the two populations of sample units
(network SOHAs and RSAS) are a valid index for the trends in
population size and reproductive rate. The trends in occupancy
rates of the SOHAs and RSAs will be compared in an effort to
evaluate the efficiency of the network. This paper outlines the
sampling design for estimating occupancy rates and monitoring
the SOHA network and RSAs.

The Forest Service may change its policy on Spotted Owls and
the SOHAs may become obsolete; however, this sampling
scheme can be applied to other situations in which occupancy of
specific units is a reasonable surrogate variable for trends in
population size and reproductive rates.

POPULATION

The egtimation methods described below can be applied
separately to three distinct subpopulations of land area within
Cadlifornia, Oregon, and Washington (Max and others). The
subpopulations are defined by joint consideration of two factors:
SOHASs and timber harvest land classification (reserved or non-
reserved). Subpopulations are defined as. (1) al SOHAs on
reserved lands, (2) al SOHASs on non-reserved land, and (3) all
non-reserved land outside of SOHASs. The sampling units for the
first two subpopulations are the SOHASs, athough SOHAs on
reserved land are not sampled. The 1000-acre RSA polygons
encompass the third and portions of the others. The trends in
occupancy rates of the RSAs should be indicative of owl
populations in general, whereas the trends in occupancy rates in
the SOHAS represent the owl populations in the network.

Within the three subpopulations, land area can be further
classed by physiographic province (Franklin and Dyrness
1973). This classification is usualy necessary because SOHA
sizes, and thus detection probabilities, vary by physiographic
province (USDA 1988a).



PARAMETERS

The basic variable to be observed for each sample unit is
"occupancy." Occupancy is defined to be a pair of owls, as
described in the Spotted Owl Inventory and Monitoring Hand-
book (USDA 1988b). The following sampling scheme and bias
adjustment could also be used to estimate the proportion of units
with "presence" (single owl) or "reproductive pairs of owls"
(pair with young confirmed). The parameter likely to be
estimated most frequently is the proportion of occupied sample
units. Changes in occupancy estimates of the subpopulations
can be monitored through time as an index of population trend
within a specific subpopulation.

BASIC SAMPLING SCHEME

The basic scheme for sampling the SOHA network assumes
there are N units of which N, have owls and N, do not
(N, + N, = N). We will sample n of these N units at random. A
unit will be visited until occupancy is established (Spotted Owl
Inventory and Monitoring Handbook, USDA 1988b) or until six
visits are completed. For each year, a binomial proportion, or the
proportion of units occupied, is estimated.

We define the following terms and notation:

N Number of potential units (population size).

N;  Actua number of occupied units.

N,  Actual number of unoccupied units,

N = N;+ N,.

P The true proportion of occupied units.

P Estimate of proportion of occupied units.

S Maximum number of visits to one sample unit

(s= 6, inthis study).

Maximum distance we want the estimate to be

away from P, the true parameter.

1-a Confidence coefficient (proportion of times
the estimate will be no farther than d away from
P).

v True mean number of visits required to deter-
mine occupancy at an occupied unit given a
maximum of svisits.

v Estimated mean number of visits to determine
occupancy at an occupied unit given a maxi-
mum of svisits.

P The probability of determining occupancy at a
unit during a single visit, given that the unit is
occupied.

n The number of units sampled out of N.

o

ny Number of sampled units that were occupied.

The number of network SOHAS in both California and Forest
Service Region 6 (Oregon and Washington) is approximately
450. Because n units are randomly selected, the number of
SOHAs with the attribute "occupied® has a hypergeometric
probability distribution. In contrast, there are approximately
5000 RSAs in Cadlifornia and approximately 5000 for Oregon
and Washington. Given that n is smal relative to N for this
population, the number of occupied sample RSA units can be
approximated with a binomia probability distribution. Both the
RSA and the SOHA populations are assumed to be fixed over the
monitoring period.

If we assume that the number of visits is large enough to ensure
determination of occupancy on units where pairs occur, then the
simple ratio of the number of units occupied to the number

sampled (I3) is an unbiased estimate of the proportion of units
with pairs of spotted owls. The variance of this proportion is
estimated by

var(p)=Pl- ﬁ)wg(ﬁ).

The problem with this method of estimation is that the as-
sumption that s visits are sufficient to ensure detection of a pair
of owls (given they are present) on a unit may not be valid. The
estimate would be biased if there were some probability of
falling to determine occupancy on an occupied unit within s
visits. As a consequence, the simple ratio of the number of
occupied units to the number of units sampled would tend to
underestimate the true proportion (P).

A THEORETICAL BIAS ADJUSTMENT

The estimate of the occupancy proportion can be adjusted to
account for the failure to detect owls on occupied units. To
adjust for bias we assume: (1) that there is a constant probability
p of determining occupancy for each visit to an occupied unit;
and (2) that each visit to a unit is an independent and identical
Bernoulli tria that can result in one of two possible outcomes:
occupancy or not; and (3) that we can have an unlimited number
of total visits. Under these assumptions, the probability that X,
the number of visits required to one unit to determine occupancy,
is equal to x is given by the geometric distribution:

Pr(X=xX)=p(@-p), x=1,2, 3, etc.
=0, otherwise.

One of the assumptions for this probability distribution is that
there are an unlimited number of visits. If the number of visits
is limited to a maximum of s visits, then the probability that X,
giventhat 0 < X <'s, isequal to x is given by:

_ A1
Pr (X = x0< xss):p(l—p)s,le, 2,3,...5
1-(1-p)

=0, otherwise.



This truncated geometric distribution is shown in figure 1 for
various values of p.

Given the above assumptions, both the sample size estimates
and the proportion of occupied units can be corrected for this
bias. Given that there exists a known probability g(q = 1 - p) that
a pair occupies a sample unit (SOHA or RSA) but is missed
during a single visit, the expected value of our estimate ny/n is
(NJ/N) (1 - ). In this instance n,/n will tend to underesti-
mate P = Ny/N by a factor of (1 - o). If piscloseto 1 or s
is large, then this factor is near 1 and no adjustment is necessary.
Otherwise, we can adjust for the negative bias by dividing n,/n
by (1 - ).

_Our egtimate of the number of occupied units is as follows:
P = (n/n)/(1 - ) with a variance of

_ s
p-p)N N a%+ P gl‘j?[% (appendix).

In practice, the value of q (or p) will not be known and must
be estimated from the data. However, if occupancy is undeter-
mined after s visits, then whether a pair was present and missed
or whether the unit was unoccupied is unknown. Therefore, we
use just those observations from units for which occupancy was
determined (where 0 < X < 9), to estimate g.

The expected value of X giventhat 0 < X < sis:
EXX0<X<9 =1p-sg7/(1-q)

We substitute V, the estimated mean of the positive X's from
the sample, on the left side of the equation and solve for p. Then
we can use the estimate of p to adjust n,/ nto

B = (n/n)/p- @ B)]= (/)= 6°)= (/)7 9),

where f (V) is a function of the average number of visits to
determine occupancy, and end up with a reasonable estimator
for P = N; / N. To solve for p requires an iterative process. An
dternative is to create atable (see table 1) for different values of
p and v, and interpolate between values of v to determine p.

A limitation of this bias adjustment is that it depends critically
on the assumptions for the geometric random variable. Any
deviation from these assumptions can necessitate a different bias
correction. Failure of the observed frequency distribution of
initial occupancy determinations to be closely aigned with the
theoretical, expected distributions ( fig. 1) suggests that the geo-
metric model is inappropriate; the empirical data cannot rigor-
oudly verify our assumptions. However, it is possible to get an
acceptable fit between the observed and expected distribution of
first determinations even if the assumptions of the geometric
model are invalid.

Figure 1-Probability functions of the number of visits required to first see
an owl, given an owl was observed within 6 visits for various values of p
(p is the probability of observing an owl on an occupied unit on any single
visit).
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Table 1--The multiplicative adjustment factor, f(v), for nn as a function of v,
the average number of visits to first detection. The associated value of g=(1-p),
the probability of not determining occupancy during a single visit, given that the
unit was occupied

v f(v) q
1.90 1.1059 .50
2.05 1.0285 55
221 1.0489 60
2.24 1.0543 .61
227 1.0602 62
2.30 1.0567 .63
2.33 1.0738 .64
237 1.0816 65
2.40 1.0901 .66
2.47 1.1097 .68
250 1.1210 69
253 1.1333 70
257 1.1469 71
2.60 1.1619 72
263 1.1783 73
267 1.1965 74
2.70 1.2165 75
273 1.2387 76
2.77 1.2633 77
2.80 1.2907 78
2.83 1.3212 79
2.87 1.3553 .80
2.90 1.3936 81
2.93 1.4368 .82
2.97 1.4858 .83
3.00 1.5415 84
3.03 1.6055 .85
3.10 1.7656 .86
3.13 1.8671 87
3.16 1.9880 .88
3.19 2.1342 .90
3.23 23141 91
3.26 2.5404 92
3.29 2.8328 93
3.32 3.2245 94
335 3.7749 95
1.0
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ESTIMATING PROPORTION OF
OCCUPIED UNITS AND ITS VARIANCE

Suppose n units out of N were sampled up to s times, occu-
pancy was determined on n; units, and the mean number of visits
required of those n, units was v. Then an unbiased estimate of

P (the proportion of occupied units) is given by P= M f (v)
n

where an approximate value for f (v) (a multiplicative adjust-
ment for ny/n) is obtained from table 1:
The estimate of the variance of the estimate is found by

Varp)=pp-p)E Nt ap O

_1 1_ qS
where § isfound in table 1.

The calculation of Var (|5) is shown in the appendix. The
appendix also proposes an estimated variance for P .

The approximate 95 percent confidence interval for the pro-

portion of occupied unitsis P+ 1.96\/Var‘|55 .

Example: Suppose we sampled 60 units out of 150 and found
45 occupied units that required an average of 2.43 vists. If the
maximum number of visits, s, equals 6, then the estimate of the

occupied unitsis P= g 1.0995=0.825.

The estimated variance is

~ A - 6
Var (B) = 0.825(1-0.825) 10-60 1, 5gos 07l
150-1 60 1-.67° 60

=0.002821.
Approximate 95 percent confidence intervals for
0.825 + 1.96(0.002821)? = 0.825 + 0.104 (0.721, 0.929).

I3are

normal curve that cuts off 100a percent in the tails.

However, if there is a concern that not al pairs are detected at
occupied units and we are willing to assume that the probability
of detecting a pair on any particular visit is a constant p (Note:
g =1- p), then the following becomes the sample size formula:

n=(1+c)ny/[1+(ny - 1)/N]

Ny isgiven by: ny= Zzlf’(l— |3)/d2
S

_— 1 a
and cisgivenby: c =——
¢ 4 1-P 1-¢°

Notice that this estimate of sample size is bigger than the
previous estimate by a factor of 1 + c.

If we estimate P, the sample sizes can be approximated from
tables 2 and 3. The determination of sample size depends not
only on the proportion of occupied units but on the average
number of visits required to determine occupancy.

Calculating sample size involves obtaining numbers from two
different tables. Table 3 lists the required sample sizes with
1-a= 0095 s =6,v=1 andd=0.01, 0.05, 0.10, and 0.20.
(Additional tables with other settings can be constructed). Set-
ting v = 1 means that if a pair exists on a unit, then it is certain
to be observed on the first visit. Therefore, table 2 shows the
minimum required sample sizes. Table 3 shows the percentage
increase in sample size for several values of v (average number
of visits required to determine occupancy at an occupied unit).

Example: Suppose we have 150 potential units, the occupied
proportion of units is 0.50, the average number of visits required
to provide this estimate was 2.5 out of a maximum 6 visits, and
95 percent of the time we want the estimate to be no farther than
0.10 from 0.50. First, the value from table 2 is 59. The per-
centage increase from table 3 with v = 2.5 is 24 percent. The
required sample size is therefore 59 - 1.24 = 73 units out of 150
units.

ANALYSIS OF DISTRIBUTIONAL FIT

ESTIMATING SAMPLE SIZE

If we assume that the number of visits is large enough to ensure
that if a pair is in the area it will be detected, the following
procedure can be used to obtain a sample size. To set sample
size, we want our estimate, n,/n, to be no farther away than d
from P = N/N, 100(1 - o) percent of the time. To select a sample
size we will need to specify values for d and a. The sample size
is calculated by the following equation:

n = ny/[1+ (ng- 1) /N] (correction for sampling from a finite
population), where n, = Z2 NllN N~2 /d?, N~1 and Nz are
initial guesses for N;and N,, and Z isthe value of the standard

We need to check whether the number of visits to determine
occupancy fits a truncated geometric distribution. Five sets of
data are available to check the distributional assumptions: the
Cdifornia SOHAs and RSAs, the Oregon and Washington
SOHAs and RSAs, and survey data from Yosemite, Sequoia,
and Kings Canyon National Parks. All of these data sets have s
= 6. Failure of the empirical frequency distribution of first
determinations to align with the theoretica distributions sug-
gests that the geometric model is inappropriate. A failure would
be most likely to occur because of a varying probability of
detection from one visit to the next at a given unit. Another
possibility might be varying detection probabilities across units
or among pairs of owls.
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We used the average number of visits to determine occupancy
to estimate the value p. Once p is estimated, it is possible to
calculate the probability of determining occupancy on any visit,
1 through s. The theoretical and the empirical frequency distri-
butions can then be compared. Table 4 gives the observed val-
ues for each of the five data sets.

The usual X? statistic is calculated for each of the five sets of
data by:

where E; = expected quantity and O, = observed quantity
(Mogteller and Rourke 1973). Expected, theoretical probabili-
ties are given by:

Pr (X = X) = pg®(1-), the truncated geometric distribu-
tion.

The expected observations are then computed as the product
of the sample size and the theoretical probahility for a given visit
number. Table 4 shows the contribution to the X? statistic from
each visit over the five sets of data. The statistic is compared to

6(Ei e} )2 a critical value of 11.1, with 5 degrees of freedom, a the 5
Zi E, ' percent level of significance.
Table 2--Sample sizeswith v = 1 (certain to observe an owl in an occupied unit)
Proportion of occupied units (P)
45 40 .35 .30 .25 .20 A5 .10 .05
Nt .50 .55 .60 .65 .70 75 .80 .85 .90 .95
d?=0.01
40 40 40 40 40 40 40 40 40 40 39
50 50 50 50 50 50 50 50 50 49 49
60 60 60 60 60 60 60 59 59 59 58
70 70 69 69 69 69 69 69 69 69 67
80 79 79 79 79 79 79 79 79 78 77
90 89 89 89 89 89 89 89 88 88 86
100 99 99 99 99 99 99 98 98 97 95
110 109 109 109 109 109 108 108 108 107 104
120 119 119 118 118 118 118 118 117 116 113
130 128 128 128 128 128 128 127 127 125 113
140 138 138 138 138 138 137 137 136 135 130
150 148 148 148 147 147 147 146 146 144 139
160 157 157 157 157 157 157 156 155 153 147
170 167 167 167 167 167 166 165 164 162 156
180 177 177 177 176 176 176 175 174 171 164
190 186 186 186 186 186 185 184 183 180 172
200 196 196 196 196 195 195 194 192 189 180
d=0.05
40 36 36 36 36 36 35 35 33 31 26
50 44 44 44 44 43 43 42 40 37 30
60 52 52 52 51 51 50 48 46 42 33
70 59 59 59 58 58 56 55 52 47 36
80 66 66 66 65 64 63 61 57 51 38
90 73 73 73 72 71 69 66 62 55 41
100 80 79 79 78 77 74 71 66 58 42
110 86 85 85 84 82 80 76 71 62 44
120 92 91 91 90 88 85 81 75 65 46
130 97 97 96 95 93 90 85 78 67 47
140 103 103 102 100 98 94 89 82 70 48
150 108 108 107 105 103 99 93 85 72 49
160 113 113 112 110 107 103 97 88 74 50
170 118 118 117 115 112 107 101 91 77 51
180 123 122 121 119 116 111 104 94 78 52
190 127 127 126 123 120 115 107 97 80 53
200 132 131 130 127 124 118 111 99 82 54
N = number of potential units (population size).
%d = maximum distance from true proportion 95 percent of the time. (Continued)
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Table 2--Sample sizeswith v = 1 (certain to observe an owl in an occupied unit) (continued)

Proportion of occupied units (P)
45 40 .35 .30 .25 .20 15 .10 .05
Nt .50 .55 .60 .65 .70 .75 .80 .85 .90 .95
d?=0.10
40 28 28 28 28 27 26 24 22 19 13
50 33 33 33 32 31 30 28 25 21 14
60 37 37 37 36 35 33 31 27 22 14
70 41 41 40 39 38 36 33 29 23 15
80 a4 44 43 42 40 38 35 31 24 15
90 47 46 46 45 43 40 37 32 25 15
100 49 49 48 47 45 42 38 33 26 16
110 52 51 50 49 47 44 40 34 26 16
120 54 53 52 51 48 45 41 35 27 16
130 55 55 54 53 50 47 42 36 27 16
140 57 57 56 54 51 48 43 36 28 16
150 59 58 57 55 53 49 44 37 28 16
160 60 60 59 57 54 50 45 38 29 16
170 62 61 60 58 55 51 45 38 29 17
180 63 62 61 59 56 52 46 39 29 17
190 64 64 62 60 57 52 47 39 29 17
200 65 65 63 61 58 53 47 40 30 17
d=.015
40 21 21 20 20 19 18 16 14 11 7
50 23 23 23 22 21 20 18 15 12 7
60 25 25 25 24 23 21 19 16 12 7
70 27 27 26 25 24 22 20 17 13 7
80 28 28 27 26 25 23 21 17 13 7
90 29 29 28 27 26 24 21 18 13 8
100 30 30 29 28 27 24 22 18 13 8
110 31 31 30 29 27 25 22 18 14 8
120 32 31 31 30 28 25 22 19 14 8
130 32 32 31 30 28 26 23 19 14 8
140 33 33 32 31 29 26 23 19 14 8
150 33 33 32 31 29 27 23 19 14 8
160 34 34 33 31 29 27 23 19 14 8
170 34 34 33 32 30 27 24 19 14 8
180 35 34 34 32 30 27 24 20 14 8
190 35 35 34 32 30 28 24 20 14 8
200 35 35 34 33 31 28 24 20 14 8
N= number of potential units (population size).
2d= maximum distance from true proportion 95 percent of thetime.

That there was no significant difference between the theoretic-
ca and empirica frequency distributions does not necessarily
mean that the assumptions of independence of visits and a fixed
probability of detection are valid. Small to moderate variations
in detection probabilities among units and among visits at a unit
could result in empirical data that closely fit a theoretical
distribution based on the bias adjustment. Unfortunately, the
empirical data do not allow a rigorous test of assumptions.
However, the fit between the empirical and theoretical distribu-
tions gives no indication to discredit the assumptions.

DISCUSSION

The basic assumption underlying monitoring is that the occu-
pancy status of owl pairs in sample units (SOHAs or RSAS)
within a subpopulation is strongly correlated with population
levels in that subpopulation. Given this assumption, trends in
occupancy status of owl pairs through time are indicative of
trends in the population. SOHA units were chosen on the basis
of known or historical owl presence and spacing of available

USDA Forest Service Gen. Tech. Rep. PSW-124. 1990.



T — Table 4-The number of units where occupancy was determined on visit number

2= EE I‘JE A EE RIEERT i (i = 1to 6) for each set of data and the contribution to the X? statistic for each
- i | visit number
R-6 R-5° Surv R6 | R5
REFRRREREFREFRAS Visit SOHA® | SOHA Data | RSA® | RsA
= 1 36 33 8 10 7
| ! 2 19 17 8 9 5
Egﬁﬁ:!;E;’EEEﬁﬂ“ 3 16 12 3 3 5
ol Gl ol ! 4 6 7 1 1 3
5 0 7 1 4 2
6 2 5 2 2 2
AREERERRERAEES
| | Total 79 81 23 29 24
mgﬁ o e e e e Averagevisits ~ 2.00 242 235 252 275
e T T s Estimated p 46 37 39 35 .29
EEEEEI_IEEHEQMD Contribution to x2
1 0.04 0.03 0.22 0.09 012
| 2 0.06 0.48 0.86 049 0.08
FZREREEFRAZZEET 3 2.42 0.03 007 057 024
f ) 4 0.01 0.12 0.61 134 001
=": 5 3.17 0.77 0.07 212 0.01
| glaleRpleRalsleplele| = 6 0.05 1.05 181 041 022
i : ; Total 5.75 248 364 502 068
i : [
_'E‘ seEk 'ﬂ:[:’# 5 {1 o o o o e g 'R-6 refers to Forest Service Region 6 (Oregon and Washington).
g TH T | i °R-5 refers to Forest Service Region 5 (owls in California).
8 E ZSOHA = Spotted Owl Habitat Area.
= i;gﬂﬁ?ﬂﬁfﬂE"““ é‘ RSA = randomly sampled area.
E . I 5 habitat. Therefore, we would expect, a priori, that SOHA units
E f | | = should initially have higher occupancy rates than RSAs. Com-
2EEEREEEEE e 4 i i i
o f | i g parison of trends between subpopulations, particularly SOHA
2 units versus RSAs, should provide insights into the effective-
si=lslelsislsgmizlelel|= E ness of the SOHA network to maintain viable populations of
- - spotted owls.
| g Caution is advised in the interpretation of any observed
e o oo s e O R differences in trend between network SOHAs and RSAs. Higher
s o o bl i o] b el ; a occupancy rates in the network are not necessarily indicative of
' E a correct SOHA size or spacing. Many factors, in addition to size
P o ey o N P and spacing, affect occupancy rate. These include availability of
ECTCCTTTT S suitable habitat outside of the SOHA, prey availability, local
| { g predator populations, and juxtaposition to other, non-reserved
o et e o o e | o e .n?- = units with owls. The significance of these additional factors will
T | .ﬁ not be revealed by the monitoring program described here.
z An important aspect of monitoring is that the population to be
AEERERE2EEETTS 5 sampled is clearly defined and does not change over the course
i of the monitoring period. If the population of units changes, for
| ! i El example as a consequence of the addition or deletion of SOHAS,
S[ERF A RS =E *i” b E- then it is unclear about what population inferences are being
| ’ | L. made. Annual estimates of occupancy could still be made, but
= e E Y U R O R it would make little sense to compute a trend. For example, if
=TT ; 2 there were significant changes in the network among years, then
i | L E any change in occupancy proportion may reflect changes in the
P b B e S i sampled units, and may be unrelated to an actua change in owl
| | = population size.
L n:-ch ol b e loe ﬂiﬂ _iD " E Idedlly, we would like to know the occupancy status of each
| bt d | fred e [d | o ek | b | S SOHA and RSA. However, because of costs, only a random

Tabde b= Percentage incraaee in awmber of sampled unier
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sample of SOHAs and RSAs has been selected for monitoring,
and this sample will remain constant for the first 5 years of
monitoring. The accuracy of the annual estimate of occupancy
in the second and subsequent years will be less than if a new
random sample were drawn each year, but retaining the same
sample will provide the most reliable estimate of trend in
occupancy.

The size of sample units (SOHAS) is not constant across all
physiographic provinces (USDA 1988a). Therefore, direct
comparisons of occupancy proportions across provinces that
differ in size are precluded. However, it is possible to compare
trend in occupancy estimates across provinces.

In order to estimate sample size we had to assume a distribu-
tional model for the number of occupied units. The population of
SOHAs was assumed to be fixed through time and finite. The
RSAs were assumed to be drawn from an essentialy infinite
population. Given these assumptions, the number of occupied
SOHA units should follow a hypergeometric distribution, and
the number of occupied RSAs a binomial distribution.

The existence of the bias adjustment is not a sufficient reason
to reduce the number of visits to a unit. If the probability of
determining occupancy is 0.2 for any visit, then truncation of the
geometric distribution distributes 27 percent of the probability
mass among the first six visits. If the number of visits is further
reduced, the amount of redistributed probability mass is in-
creased. Deviations from the assumptions become increasingly
critical with an increase in the amount of redistributed probabil-
ity mass.

CONCLUSIONS

There is some likelihood that a sample unit may be
misclassified as unoccupied. To the extent that this occurs,
estimates of the occupancy proportion would be negatively
biased, and calculations of sample size would need to be ad-
justed. In this paper we proposed a bias adjustment based on the
average number of visits to detect an owl pair, a variable that, we
assumed, followed a truncated geometric distribution. The
assumptions of independence between visits and the constant
probability of detection were critical for employing the bias
adjustment. These assumptions made it possible to think,
collectively, about the six visits to a sample unit as a simple
Bernoulli trial. A strict set of sampling protocols has been
implemented (Spotted Owl Inventory and Monitoring Hand-
book, USDA 1988b) to make these assumptions as reasonable as
possible. These protocols were used to estimate the average
number of visits to first detection and an adjusted occupancy
proportion for each of five independent sets of data. Using these
data, no significant differences were found between the theoretic-
cal and empirical frequency distributions of first detections.
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APPENDIX

The agebra used to construct the occupancy estimator and an
estimator of its variance are described below. Of N stes, N;
have spotted owls and N, do not. A simple random sample of
size n is taken without replacement. For convenience, let the N;
occupied sites be indexed 1,2,. . ., N; and the remaining sites be
indexed N, + 1,..., N.

Let o; = 1 if site i is selected and o, = O otherwise. The
probability that site i is selected is Pr(o; = 1)=n/N. And because
we are sampling with replacement, the probability that sites i and
i (wherei #j) are both selected is

Pr(oi =0;=1) =n(n—1)/N(N-1).

Also let (B; = 1 if an owl is observed on site i and (; = O otherwise.
The probability that an owl is observed on any of the N; occupied
sites is Pr((B; = 1) = 1 - g° where q is the probability of not de-
tecting an owl on a single visit to an occupied site and s is the
maximum number of visits.

Because the visits to each site are independent, the probability
that owls are observed at any two occupied sites i and j (where
i #]) isjust the square of 1 - .

The number of observed owlsis

N N1
n = Zaiﬁi = Z_aiﬁi
1= | =
The expectation of n,is

E(n)= EENZaiBi %
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=N, [Pro; =1)Pr {8, =2)
= Nl(n/N)(l—qS)
=nP{L-¢°

Our unbiased estimator of P canbe P = (ny/n)/(1— q)-
To find the variance we first find the expectation of the square
of n;.

E(nf)z E :1 aiﬁig

n N;-1 N; E
SEpp aiBir2y S aBa; Aig

I = i=j+1lj=1+1
Ny N;-1 N;

= a; Bi +2 Zaaﬁlﬁjg

I= j=i+l

=Ny * Pr(a; = 1) - Pr(B, = 1)

Ny-1 N,
+2 ZPr(a =a; =1)Pr(B

= Nl(n/N)(l o

o)+ N2(2 /N2 Ji- e f
= nP(l

)+nPNP 1n 1(1 )ZN 1

=1)Pr(3; =1)

The variance of n; is

var(ny) = E0?)- ()P
=nP(1-q)
+nP(NP- 1) (n- 1) (1-¢)%(N - 1) - (NP(1 - f))?
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= nP(l— q5)+£(1'\l__—qlsf((NP ~1)(n-1)-(N -2)nP)

=pli-g*)+ L (a- pYn -n)- (v -1)
¢°)-Pli-q°f

=nP(l-P) ':l '_2 (-g*f +nPl-

=P~ )X =2 (-] +npl-ahe

Therefore, the variance of Pis

()Varnl/ncl )2

In practice we will not know g, but we have an estimate, ¢, based
on the average number of visits required to observe an owl. In
addition, P is aso unknown, and an estimate must be used. We
propose the following estimator for P:

IS = (nl/n)/@._ as)
with estimated variance

N nl
—1n

S
cpl a
nl-q°

~2

var(P)=PlL- B)L-n/N) {1+En{11?q2

When g = O this function provides an unbiased estimate of the
variance. In effect, we have simply plugged in estimates of P and
g and have not investigated the consequences.
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